Corn poppy (Papaver rhoeas L.) leaf has been extensively used as garniture in salads and drugs in folk medicine. In this study, the possible antioxidant properties of water (WE), ethanol (EE), and acetone (AE) extracts of corn poppy leaves were investigated using different antioxidant tests, including total antioxidant activity in linoleic acid system, DPPH • scavenging activity, reducing power, chelation activity, and hydrogen peroxide scavenging activity. In addition, the amount of total phenolics was also determined. Total antioxidant activities of all extracts were greater than 85% at 400 μg/mL concentration. The scavenging effects of WE and EE on DPPH • radical were found to be 88.46 ± 0.08% and 86.81 ± 0.37% at 800 μg/mL concentration, respectively, which was comparable to standard antioxidants, such as BHA and α-TP. The reducing power of extracts was in the order of WE > EE > AE. The percentage of metal chelating activity of 800 μg/mL concentration of WE was found to be 79.51 ± 4.05%. Our results indicated that the leaves of Papaver rhoeas L. showed the potential to be used as a natural antioxidant.
INTRODUCTION
The role of free radicals and reactive oxygen species (ROS) in the pathogenesis of human diseases, including cancer, aging, atherosclerosis, and neurological damage, has been recognized. [1] On the other hand, free radicals can also cause lipid peroxidation in food products that contain unsaturated fatty acids. Lipid peroxidation may cause unpleasant rancid or off flavors to form, as well as loss of nutrition. [2] Antioxidants, exogenous and especially endogenous, are vital substances that possess the ability to protect the body from possible harms caused by free radical-induced oxidative stress and are necessary to balance ROS in the human body. [3] The synthetic antioxidants, such as butylated hydroxytoluene (BHT) and butylated hydroxyanisole (BHA), are used to preserve food quality for industrial processing, but they possess toxic properties and some side effects to human health. [4] Hence, the antioxidants are the important elements for human nutrition and food industry. In recent years, there has been an increasing interest in natural antioxidants present in medicinal and dietary plants, [5, 6] which might be of assistance in preventing oxidative damage. It has been demonstrated that the source of natural antioxidants in plants was their natural phytochemical contents, such as carotenoids, vitamins, phenolic acids, flavonoids, and dietary glutathionine. [7] Papaver rhoeas L. belongs to the Papaveraceae family, and is commonly known as "corn poppy." The plant is found wild in various parts of Europe, northern Africa, and western Asia. [8] It is traditionally used as an herbal medicine against coughing, bronchitis, sore throat, minor sleep problems, and possesses a sedative effect. [9, 10] Furthermore, the young leaves of corn poppy are eaten fried or fresh as salad in Turkish and Mediterranean diets. [11] A phytochemical study showed that Papaver rhoeas L. leaves contain several flavonols, like quercetin, kaempferol, myricetin, and isorhamnetin, as well as minerals, like potassium, sodium, and calcium. [12] Previous investigations on this plant have revealed its nutritional composition, [12] content of alkaloids, [13] and ethnobotanical studies. [10, 14, 15] However, no detailed reports are available on the antioxidant activity of Papaver rhoeas L. leaves from Turkey. The aim of this present study was to conduct a detailed investigation of the antioxidant properties of different extracts from Papaver rhoeas L. leaves using different in vitro antioxidant models, such as DPPH
• scavenging activity, hydrogen peroxide scavenging ability, reducing power, chelating activity, and total antioxidant activity. Total phenolic content was also determined as gallic acid equivalent.
MATERIALS AND METHODS

Plant Material
The plant was collected during the month of April from Edirne province, Turkey. It was taxonomically identified by botanical experts at the Department of Biology, Faculty of Science, Trakya University.
Chemicals
Ammonium thiocyanate, ferric chloride, ferrous chloride, polyoxyethylene sorbitan laurate (Tween 20), 1,1-diphenyl-2-picyrl-hydrazyl (DPPH • ), α-tocopherol, ferrozine, nicotinamide adenine dinucleotide (NADH), nitroblue tetrazolium (NTB), linoleic acid, phenazine methosulphate (PMS), trichloro acetic acid (TCA), Folin-Ciocalteu reagent, buthylated hydroxytoluene (BHT), buthylated hydroxyanisol (BHA), gallic acid, ascorbic acid, and sodium carbonate were obtained from Sigma-Aldrich (Munich, Germany). Ethanol, acetone, H 2 O 2 , and methanol were purchased from Riedel-de Haen (Seelze, Germany). All other chemicals and reagents used were analytical grade and were obtained from various suppliers including Sigma-Aldrich, Merck, and Riedel-de Haen.
Preparation of Extracts
For the preparation of water extract (WE), 15 g of dried corn poppy leaves were extracted in 300 mL of boiling distilled water with a magnetic stirrer for 30 min. The extract was filtrated and then freeze-dried. For preparation of ethanol (EE) and acetone (AE) extracts, 15 g of dried corn poppy leaves were extracted twice with both 300 mL of ethanol or acetone at room temperature for 3 h in a shaking water bath. After the filtration of each extract, ethanol or acetone extracts were combined separately. The solvent of the fractions was removed using a rotary evaporator at 35
• C. All samples were stored at 4
• C until use.
Total Antioxidant Activity in Linoleic Acid System
The antioxidant activity of corn poppy leaf extracts was determined according to the thiocyanate method. [16] Linoleic acid emulsion was prepared with linoleic acid and Tween 20 in phosphate buffer (0.04 M, pH 7.0). A reaction solution, containing extracts (1 mL), linoleic acid emulsion (2.5 mL), and phosphate buffer (1.5 mL, 0.04 M, pH 7.0) was placed in a test tube. The mixed solution was incubated in darkness at 37
• C. The amount of peroxide was determined by reading the absorbance at 500 nm, after reaction with FeCl 2 and thiocyanate at intervals during incubation. The solution without the extract added was used as a blank sample. BHT was used as a reference compound. The inhibition of lipid peroxidation in percentage was calculated by the equation: inhibition % = [(A 0 -A 1 )/A 0 ] × 100, where A 0 is the absorbance of the control reaction and A 1 is the absorbance of the corn poppy leaf extracts.
Free Radical Scavenging Activity
Free radical scavenging activity of corn poppy leaf extracts was evaluated with 1,1-diphenyl-2-picryl-hydrazyl (DPPH • ) using the Blois method. [17] Briefly, one milliliter of the sample solution was added to 4 mL of ethanol solution of DPPH
• (0.1 mM), and the mixture was kept at room temperature. After 30 min, the absorbance was measured at 517 nm with a spectrophotometer (Shimadzu UV-1601, Tokyo, Japan). The control was containing all reagents except the test sample. BHA and α-TP were used as standard compounds. The antiradical activity was calculated using the ratio: (A control -A sample /A control ) × 100, where A control was the absorption of the DPPH
• solution and A sample was the absorption of the DPPH
• solution after the addition of the sample.
Reducing Power
The reducing power of the extracts was determined according to the method of Oyaizu. [18] One mL of the extracts was mixed with 2.5 mL of phosphate buffer (0.2 M, pH 6.6) and 2.5 mL potassium ferricyanide [K 3 Fe(CN) 6 ] (1%), and then the mixture was incubated at 50
• C for 20 min. Afterwards, 2.5 mL of trichloroacetic acid (10%) was added to the mixture and centrifuged at 3000 rpm for 10 min. The upper layer solution (2.5 mL) was mixed with distilled water and FeCl 3 (0.1%), and the absorbance was measured at 700 nm. The same procedure was repeated with the α-TP and synthetic antioxidant BHT, and the sample except for the control. Increased absorbance of the reaction mixture has indicated reducing power.
Metal Chelating Capacity
The chelating activity of ferrous ions by corn poppy extracts was measured according to Dinis et al. [19] Corn poppy leaf extracts were added to 0.1 mL of 2 mM FeCl 2 and the solution was incubated at room temperature for 30 min. After the incubation process, 0.2 mL of 5 mM ferrozine was added, and total volume was adjusted to 5 mL with deionized water. As the next step, the mixture was shaken vigorously and left at room temperature for 10 min. Absorbance of the solution was measured at 562 nm against the same mixture, without the sample, as a blank. EDTA served as the positive control. The percentage of inhibition of ferrozine-Fe 2+ complex formation was calculated using the equation: metal chelating activity % = [1 -(A 1 /A 0 )] × 100, where A 0 was the absorbance of the blank and A 1 was the absorbance of the sample.
Hydrogen Peroxide Scavenging Activity
The ability of the extracts to scavenge hydrogen peroxide was determined according to the method of Ruch et al. [20] A solution of H 2 O 2 (40 mM) was prepared in phosphate buffer (0.1 M, pH 7.4). Extract in phosphate buffer was added to 0.6 mL of H 2 O 2 solution. After 30 min at room temperature, the absorbance value of the reaction mixture was measured at 230 nm. The phosphate buffer without H 2 O 2 was used for the blank solution. The percentage of H 2 O 2 scavenging of extracts and standard compound (BHT) were calculated as: [1 -(Absorbance of the sample at 230 nm/Absorbance of the blank at 230 nm)] × 100.
Determination of Total Phenolics
Total phenolic content was determined using the Folin-Ciocalteu colorimetric method described by Singleton and Rossi. [21] One milliliter of extract solution was transferred to an erlenmayer flask and the volume was adjusted to 46 mL through the addition of distilled water. Folin-Ciocalteu reagent (1 mL) was added to the mixture, then after 3 min, 3 mL of Na 2 CO 3 solution (2%) was added. The mixture was shaken and the absorbance was measured at 760 nm with a spectrophotometer after incubation for 2 h at room temperature. Quantification was done on the basis of the standard curve of gallic acid concentration range between 50 to 500 µg/mL (r 2 = 0.9961). The amount of total phenolic compounds was expressed as mg of gallic acid equivalent (GAE)/g extract of the plant material.
Statistical Analysis
Each analysis was maintained in triplicate. The data determined was expressed as mean ± standard deviation (SD). The correlation coefficient (r 2 ) among the parameters tested was established by regression analysis. Statistical comparisons were made with Student's t-test. P values of <0.05 were considered to be significant.
RESULTS AND DISCUSSION
Extractable Compounds
The extraction was carried out with three different solvents, including water, ethanol, and acetone, to obtain extracts from dried plant material, which will be used in all assays. The extraction with water resulted in the highest amount of total extractable compounds. The extraction yields were found to be 480.61, 46.66, and 21.66 mg/g dried plant for the water, ethanol, and acetone extracts, respectively. These extraction yields indicated that the solvents used for extract preparation from Papaver rhoeas L. leaves showed different capacities to extract the leaf compounds and probably different compositions of the extracts.
Antioxidant Activity Assays
Antioxidant capacities of plant extracts are largely dependent on the extract composition and the conditions of test system. [22] The measuring of antioxidant activity in food or biological systems is dependent on so many factors, including the properties of substrates, the conditions of oxidation, type of oxidizable substrate, heterogeneity and heterophasic nature of the system. [23] There is a great multiplicity of methods used for antioxidant testing, but there are no standardized methods. Hence, in the present work, the antioxidant properties of Papaver rhoeas L. extracts were measured using five different assays: the total antioxidant activity by the ferric thiocyanate method using linoleic acid emulsion system, the DPPH
• free radical scavenging activity, the reducing power assay, the metal chelating capacity, and hydrogen peroxide scavenging activity. Total phenolic content was also evaluated in order to correlate with the antioxidant potential.
Total antioxidant activity in linoleic acid system. The total antioxidative activities of extracts from Papaver rhoeas L. leaves were determined by the ferric thiocyanate method using linoleic acid emulsion system. The inhibitory effects of various concentrations of extracts from corn poppy on the lipid peroxidation of linoleic acid emulsion are shown in Fig. 1a . The oxidation of linoleic acid was effectively inhibited by all extracts when the BHT was used as the standard compound. As seen in Fig. 1a , there was no significant difference between the extracts (p > 0.05) in the lipid oxidation assay used as the model system in this study. The inhibition (%) of WE, EE, AE, and BHT at a concentration of 250 µg/mL was determined to be 96.01 ± 3.10, 94.98 ± 0.62, 89.07 ± 3.15, and 97.90 ± 1.51, respectively. The inhibition of peroxidation for all extracts obtained from Papaver rhoeas L. leaves was similar when compared as standard antioxidant BHT.
Free radical scavenging activity. DPPH
• is a stable nitrogen-centered free radical, which has been widely used to evaluate the antioxidant activity. Its color changes from purple to yellow when reduced by either the process of hydrogen or electron donation. [24] The free radical scavenging capacity of extracts is shown in Fig. 1b . The extracts showed concentration-dependent scavenging activities on the DPPH
• . The scavenging effect of extracts on DPPH
• was also compared to the reference compounds. Water and ethanol extracts of the plant showed stronger DPPH
• scavenging activity than those of acetone extract, and these differences were found statistically significant (p<0.05). The scavenging effect (%) of water and ethanol extracts (88.46 ± 0.08 and 86.81 ± 0.37, respectively) at a concentration of 800 µg/mL was nearly equal to those of BHA (94.00 ± 0.98) and α-tocopherol (89.07 ± 1.06).
The EC 50 value is the effective concentration, requiring to decrease the initial DPPH
• concentration by 50%. A lower EC 50 value reflects better protective action. EC 50 value of the corn poppy extracts showed that water extract (1.39 ± 0.54 mg/mL) had the highest DPPH • scavenging activity, while the acetone extract had the least activity (5.49 ± 1.35 mg/mL). EC 50 value of the water extract followed by that of the ethanol extract with the value of 3.11 ± 1.42 mg/mL. EC 50 values of reference compounds were determined to be 0.71 ± 0.06 mg/mL and 0.56 ± 0.09 mg/mL for BHA and α-tocopherol, respectively.
Reducing power. The reducing capacity of a compound may serve as a significant indicator of its potential antioxidant activity, [22, 25] and indicates that these compounds are electron donors. In this assay, the Fe 3+ -Fe 2+ transformation in the presence of plant extracts was investigated. High absorbance value obtained in this assay indicated that the sample had a high reducing capacity. Fig. 1c showed the reductive capabilities of corn poppy extracts and standard compounds. The absorbance of WE, EE, and AE extracts of corn poppy at a concentration of 1000 µg/mL were 1.09 ± 0.08, 0.81 ± 0.02, and 0.32 ± 0.005, respectively. These absorbance values of BHT and α-tocopherol even at a 250 µg/mL concentration were 0.85 ± 0.007 and 0.67 ± 0.01, respectively. These results suggested that the water extract had exhibited a higher reductive capability than other extracts, but not reference compounds.
Metal chelating capacity. Transition metals play an important role as catalysts of lipid peroxidation processes, leading to the formation of hydroxyl radicals and hydroperoxide decomposition by the Fenton reaction. [1] These processes can be delayed by iron chelation. In the study, the corn poppy extracts were assessed for their chelating ability to compare with ferrozine, which can form complexes with Fe 2+ ions. As shown in Fig. 1d , the formation of Fe 2+ -ferrozine complex is not completed in the presence of water extract of corn poppy, indicating that this extract chelates the iron. The difference between water extract and both of the other extracts of corn poppy was statistically significant (p < 0.05). But none of the extracts appeared to be better chelators on Fe 2+ ions than the reference compound EDTA, which is an excellent chelator. Nehir El and Karakaya [26] reported that
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aqueous methanolic extract of corn poppy showed the strongest chelating activity on Fe 2+ ions in their study. Hydrogen peroxide scavenging activity. It has been reported that H 2 O 2 had only weak activity to initiate lipid peroxidation, but its potential was that it could produce the highly reactive hydroxyl radical through the Fenton reaction. Although H 2 O 2 itself was not very reactive, it could cross biological membranes and sometimes be toxic to cells. [1] None of the extracts assayed could completely remove H 2 O 2 from the reaction medium. The water extract of corn poppy showed the scavenging activity (%) of 17.46 ± 1.32 and 39.8 ± 0.98 at concentrations of 250 and 400 µg/mL, respectively, while those of ethanol extract were 10.75 ± 0.35 and 15.60 ± 1.69 at the same concentrations. These values were significantly lower than the value of BHT, which are 85.75 ± 0.49% at 250 µg/mL and 95.90 ± 0.42% at 400 µg/mL. Similarly, it was reported that corn poppy extract could not completely remove H 2 O 2 from the assayed medium. [26] 
Determination of Total Phenolics
The content of total phenols in extracts of Papaver rhoeas L. leaves was determined spectrophometrically using the Folin-Ciocalteu reagent and calculated as gallic acid equivalents (GAE). Table 1 shows the amounts of total phenolic compounds. The amounts of total phenolic compounds were the highest in the ethanol extract (100.88 ± 8.65 mg GAE/g extract) and water extract (100.05 ± 4.38 mg GAE/g extract), and the lowest in the acetone extract (78.79 ± 5.90 mg GAE/g extract). It was reported that the solvent used in the extraction of leaf samples had a significant effect on the total phenols contents of extracts. [22] In addition, it has also been reported that different phenolic compounds showed different antioxidant activities, depending on their chemical structures. [27] Based on this data, the different antioxidant activities of the present extracts might be due to their extractable phenol contents and to their chemical structures. In this study, it was observed that the antioxidant activities of all extracts were determined in the order of water, ethanol, and acetone in a number of the methods assayed.
Phenolic compounds are commonly found in plants, and they have multiple biological effects. [28] It was also reported that phenolics were associated with antioxidant activity, and played an important role in stabilizing lipid peroxidation. [29] According to previous studies, a positive correlation between total phenols and antioxidant activity of plant extracts was identified. [6, [30] [31] [32] In this study, the obtained findings indicated a relationship between antioxidant activity assays and total phenolic contents. The content of total phenolics showed positive correlation with the DPPH
• scavenging activity (r 2 = 0.640, p < 0.05), reducing power (r 2 = 0.723, p < 0.05), and iron chelation (r 2 = 0.545, p < 0.05), but low correlation with the inhibition of lipid peroxidation (r 2 = 0.460, p < 0.05). 
CONCLUSION
In the present study, a detailed investigation of water, ethanol, and acetone extracts of Papaver rhoeas L. leaves for antioxidative potential was carried out. Water extract showed the highest inhibition of linoleic acid oxidation, DPPH
• scavenging activity, reducing power, and chelation activity. Ethanol extract also showed better antioxidant activities than acetone extract, which is nearly similar to water extract. Acetone extract showed the highest activity only in inhibition of linoleic acid peroxidation, and it was found to be the least active extract in the radical scavenging, metal chelation, and reducing power assays. These results showed that Papaver rhoeas L. leaves have the potential to be used as a natural antioxidant. Although the antioxidant potential of Papaver rhoeas L. leaves extracts is evaluated in vitro experiment in this study, further scientific work may be focused on their content of individual phenolic compounds and their in vivo antioxidant activity.
